INTRODUCTION
Endocan is a soluble, endothelial-derived dermatan sulfate proteoglycan implicated in inflammation and angiogenesis [1, 2] . Formerly known as endothelial cell-specific molecule-1, endocan is synthesized by endothelial cells and secreted in serum where it performs its main function of inhibiting the migration of inflammatory cells through activated vascular endothelium. Studies have convincingly shown that endocan is involved in the mechanisms of acute inflammation and neovascularization in various pathological conditions such as sepsis [3, 4] and tumor progression [5] and recent data shows a role for endocan as an indicator of cardiovascular disease [6] . While its value as a diagnostic or prognostic marker for hepatocellular carcinoma is under investigation [7] [8] [9] , there have been few papers on endocan in the setting of liver cirrhosis [10, 11] .
Cirrhosis is a systemic disease characterized by a severe and progressive alteration of metabolic functions, inflammatory responses and haemodynamic parameters that leads to the development of complications that dictate patient outcome. One such complication that is still incompletely characterized is cirrhotic cardiomyopathy (CCM), a term used to define the inadequate response of the cardiac function to stress in patients with advanced liver disease [12] . Cirrhotic cardiomyopathy has been linked to haemodynamic decompensations following events such as infections, insertion of TIPS or liver transplant and may play a role in the development of hepatorenal syndrome [13] . While the exact mechanisms leading to haemodynamic dysfunction are not completely understood, studies have shown the importance of molecules such as endotoxin, tumor necrosis factor-α and endothelin-1 in the evolution of cirrhotic complications [14] [15] [16] [17] [18] [19] [20] . The lack of universally accepted diagnostic criteria and debate around the optimal tools and echocardiographic algorithms for diagnosing this entity represent an additional difficulty in assessing the real impact of cirrhotic cardiomyopathy. In the setting of difficult access to liver transplantation new and reliable biomarkers are needed to improve and personalize the management of cirrhotic patients who develop significant cardiovascular dysfunction. Furthermore, these potential markers need to be tested in prospective studies in order to prove a significant clinical benefit.
We aimed to investigate the relationship between endocan and the presence of cirrhotic cardiomyopathy and assess the prognostic role of this novel biomarker in the development of liver-related complications in a prospective follow-up cohort study.
MATERIAL AND METHODS
This is an analysis of an inception cohort of 90 consecutive patients with documented liver cirrhosis who were enrolled in an ongoing prospective observational study at our tertiary referral center [21] . Consecutive cirrhotic patients presenting at Colentina clinical Hospital were enrolled between November 2013 and May 2015 and monitored for complications at regular intervals. Patients with significant comorbidities such as severe lung disease, ischemic heart disease, valvulopathies, arterial hypertension, pulmonary hypertension, diabetes, confirmed malignancies, active infections, severe anaemia, cachexia or severe obesity, acute hepatitis and renal failure were excluded.
A thorough medical history, complete physical examination, 12-lead ECG, routine blood work and aminoterminal pro-brain natriuretic peptide (NTproBNP) measurements were recorded in all patients. Child-Pugh and Model for end-stage liver disease (MELD) scores were used to assess the severity of cirrhosis. Echocardiography was performed by a single experienced cardiologist (ID) on a iE33 ultrasonographer (Philips Medical Systems, Best, the Netherlands) with structural and functional parameters measured according to current guidelines [22] . Use of betablockers and aldosterone antagonists was noted in the study file in order to address the possibile confounding influence of medication on clinical and ultrasonographic parameters. Patients were examined while on a low-sodium diet and, where applicable, at least 48 hours after evacuatory paracentesis.
Diagnosis of cirrhotic cardiomyopathy
Cirrhotic cardiomyopathy was defined according to the 2005 Montreal consensus as systolic dysfunction (left ventricular ejection fraction < 55%) and/or diastolic dysfunction (at least 2 out of 3 criteria: age-adjusted early-to-late peak diastolic mitral inflow velocity ratio-E/A < 1, isovolumetric relaxation time of the left ventricle-IVRT > 80 ms, deceleration time of the E wave-DT > 200 ms) [12] . Left atrial volume indexed to the body-surface area (LAV) and lateral early diastolic mitral annular velocity (E') determined by tissue Doppler imaging were recorded in order to aid in the diagnosis of diastolic dysfunction of the left ventricle. A prior intermediary analysis we performed on the cohort revealed a good concordance between the definitions of cirrhotic cardiomyopathy incorporating tissue Doppler imaging and, respectively, pulsed-wave Doppler mitral parameters indicative of diastolic dysfunction [21] .
In order to provide additional data on the cardiac function of the patients 12-lead ECG and NT-proBNP levels were recorded at the initial visit. The Fridericia formula (QTc = QT/RR 0.33 ) was used for calculation of rate-adjusted QT interval with a prolonged repolarization interval defined as any over 440 ms. NT-proBNP was measured from venous blood samples with a standardized commercially available assay (Elecsys® proBNP II, Roche Diagnostics GmbH, Mannheim) prior to echocardiography.
Endocan sampling
Serum samples were taken from all patients and refrigerated at -80°C. Endocan measurements were made with a commercial sandwich ELISA kit from Lunginnov© (Lille, France) according to the manufacturer's instructions. Briefly, samples from healthy controls were diluted two-fold and patient samples were diluted four-fold into the dilution buffer provided. The minimum level of detection of the assay was 0.132 ng/mL. All samples were assayed in duplicate. The absorbance was measured at 450 nm on a spectrophotometer (BioRad, Hercules, CA, USA) and a 4-parameter logistic regression curve was used for standard curve fitting analysis. Results were expressed as nanograms per milliliter (ng/mL).
Serum samples from a control group of 20 healthy volunteers presenting at our clinic for screening colonoscopies were also measured for endocan levels.
Follow-up
The study included a telephonic follow-up at every 3 months up to 24 months (median 12 months) and visits at the site one year after enrollment. Liver disease-related complications (new-onset or worsening of ascites, encephalopathy, haemorrhage, severe infections including spontaneous bacterial peritonitis, hepatorenal syndrome, hepatocellular carcinoma and death) were considered relevant events and recorded at each follow-up contact. Wherever possible medical records were consulted and indepth interviews with the patients' emergency contacts were carried out. Three patients were lost to follow-up at various times during the study and one was transplanted during the study period with their outcomes being censored at the last recorded visit. Standard of care procedures for screening of complications including regular abdominal ultrasonography and endoscopies were carried out according to common guidelines.
Statistical analysis
Statistical analysis was performed using the SPSS 16 software (Chicago, Il, USA). Results are reported as means and standard deviations for variables with a normal distribution, and median, minimum and maximum respectively for variables with a nonnormal distribution. Univariate analysis was conducted using the Chi-square test for nominal variables, nonparametric tests for variables with nonnormal distribution (Mann Whitney U, Kruskall Wallis) and student t-test for variables with normal distribution. To assess the role of endocan in prognosis we performed multivariate analysis adjusting for age, gender and severity of liver disease through binary logistic regression. Comparison of time-toevent for different variables was conducted using the log-rank Mantel-Cox test and Kaplan-Meier survival curves were then created. Analysis was 2-tailed, with a p < 0.05 considered statistically significant.
The study was approved by the local ethics committee (Colentina Hospital Ethical Committee for Clinical Research) and respected the principles of the 1975 Declaration of Helsinki. Written informed consent was obtained from each patient included in the study.
RESULTS

Study population
Two hundred and eleven patients with cirrhosis presenting at our clinic during the study enrollment period were screened and 121 met the exclusion criteria (Fig. 1) . Eighty-three out of the 90 patients enrolled were included in the final analysis (in three patients echocardiography could not be performed, one was excluded due to preexisting undiagnosed ischemic heart disease, one due to severe portopulmonary hypertension and two had no serum samples for endocan measurement). The final study population was comprised of 50 men and 33 women (mean age 59±10 years) that were followed for a total of 96.8 patient-years. The most frequent etiology of cirrhosis in the group was chronic alcohol use (33 patients), followed by chronic viral hepatitis C (31 patients), chronic viral hepatitis B (12 patients), mixed hepatic viral infection (5 patients) and other causes (2 patients). According to the Child-Turcotte classification forty-four patients were Child class A, 16 patients were Child B and 23 were Child C and the median MELD score for the cohort was 12 (range . The study population characteristics are presented in Table 1 . 
Endocan levels in cirrhosis
Previous experience with endocan suggested that normal endocan levels in a healthy population are below 3 ng/mL [23, 24] . In order to have a comparator for the cirrhotic cohort we also measured endocan levels in a control group of 20 patients with no history of liver, lung or heart disease. The range of values in this control group was 0.44-2 ng/mL with a median value of 0.79 ng/mL. Endocan levels were significantly higher in the cirrhotic cohort, with a median value of 6.7 ng/mL (range 0.9-24.3 ng/mL). Endocan levels did not vary significantly according to age, gender, creatinine levels or etiology of cirrhosis.
Endocan and cirrhotic cardiomyopathy
According to the Montreal criteria [12] thirtytwo patients had diastolic and/or systolic dysfunction and were diagnosed with cirrhotic cardiomyopathy (Table 2) . Two patients had an inadequate ultrasonographic window and were not included in the analysis due to unreliable measurement of heart function parameters. Gender, age or etiology of liver disease did not correlate with the presence or absence of cirrhotic cardiomyopathy. Severity of liver disease did not influence the distribution of cirrhotic cardiomyopathy as 19 of the 43 patients with compensated (Child class A) and 13 of the 38 with decompensated cirrhosis (Child class B or C) had cirrhotic cardiomyopathy. The numbers of patients taking drugs that could influence study biomarkers or outcome, such as betablockers or aldosterone antagonists, were similar amongst the groups. These results were all in concordance with previous observations. Endocan levels were significantly lower in patients with cirrhotic cardiomyopathy compared to the rest of the cohort (5.6 vs. 7 ng/mL, p = 0.034, Fig. 2 ). The calculated AUROC was 0.64 (95% CI 0.517-0.763) and at the cut-off value of 5 ng/mL endocan had 76% sensitivity and 43% specificity for diagnosing cirrhotic cardiomyopathy in this group (Fig. 3) .
NT-proBNP levels did not differ according to the presence of cirrhotic cardiomyopathy (p = 0.069, Mann Whitney U) but higher levels correlated with increased serum endocan levels (Spearman's r = 0.27, p = 0.015). Mean arterial pressures, use of betablockers or aldosterone antagonists and QTc intervals were similar between groups and did not influence outcome.
Endocan levels were increased in patients with decompensated compared to compensated cirrhosis (8.4 ng/mL vs. 4.3 ng/mL, p < 0.001; Fig. 4 ). Endocan could differentiate between compensated cirrhosis (Child-Pugh class A) and, respectively decompensated cirrhosis (classes B and C), with fair accuracy (AUROC = 0.756, 95% CI 0.653-0.860). There was also a significant correlation between endocan levels and MELD scores in this population (Spearman's r = 0.435, p < 001).
Endocan levels were lower in patients who fulfilled the consensus criteria for cirrhotic cardiomyopathy (5.6 vs. 7 ng/mL, p = 0.034, Mann Whitney U). .116 E/A -age-adjusted early-to-late peak diastolic mitral inflow velocity ratio; IVRT -isovolumetric relaxation time of the left ventricle; DT -deceleration time of the E wave; LAV -Left atrial volume indexed to the body-surface area; E' -lateral early diastolic mitral annular velocity; LVEF -left ventricular ejection fraction; QTc -rate-adjusted QT interval; NTproBNP -aminoterminal pro-brain natriuretic peptide; MELD -Model for end-stage liver disease; MAP -mean arterial pressure *-statistically significant using Mann Whitney U 
Follow-up
During the study period 5 patients were lost to follow-up and 1 received a liver transplant. There were 17 deaths and 51 patients suffered at least one disease-related event: 24 developed ascites, 2 hepatorenal syndrome, 9 severe infections, 10 had severe haemorrhagic events, 17 presented with encephalopathy and 3 were diagnosed with hepatocellular carcinoma. Patients with endocan levels above 5 ng/mL had a higher mortality rate than patients with lower values (OR 4.5 95% CI 1.06-31.1) in univariate analysis. However, this effect did not hold up in multivariate analysis after adjusting for age, gender and severity of cirrhosis in binary logistic regression when only decompensated cirrhosis correlated whith risk of death (OR 3.04 95% CI 1.04-8.92). Transplantfree survival time was significantly shorter in the group with higher endocan levels (p = 0.045 log rank Mantel-Cox, Fig. 5 -panel A) . Adverse event rates were similar between the two groups (37/56 vs. 12/27, p = 0.09 χ 2 ), however endocan levels above 5 ng/mL correlated with shorter time to first liver-related adverse event (p = 0.031 Mantel Cox, Fig. 5 -panel B) . All three patients who developed hepatocellular carcinoma during the study had endocan levels above 5 ng/mL at enrollment.
The Kaplan Meier survival curve shows higher mortality during the follow-up for patients with serum endocan levels above 5 ng/mL (OR 4.5 95% CI 1.06-31.1). 
DISCUSSION
This is a prospective follow-up study of a cohort of cirrhotic patients that reports on the utility of endocan in assessing cirrhotic cardiomyopathy and its outcome. In this population serum endocan levels were decreased in the presence of cirrhotic cardiomyopathy while higher values correlated with the severity of cirrhosis and outcome. Levels of endocan above the threshold of 5 ng/mL predicted shorter time to decompensation or liverrelated death. To our knowledge this is the first report of endocan in the setting of cirrhotic cardiomyopathy.
Endocan is a promising serum biomarker that has gained a lot of attention recently due to its role in inflammatory and vascular regulatory pathways. Various molecules such as endotoxin, endocannabinoids, endothelin-1, TNF α and vascular endothelial growth factors have been studied in cirrhosis with reports showing a profound alteration in their expression in both experimental and real-life settings. However, this abundance of promising molecules available has not yet translated into useful clinical tools and there is a lack of robust biomarkers validated in follow-up studies.
Based on reports of its prognostic role in inflammatory disorders, cardiovascular disease, nonalcoholic liver disease [25] and hepatocellular carcinoma we hypothesized that endocan levels would correlate with the presence of cirrhotic cardiomyopathy and predict unfavourable outcome. There have been many attempts to identify relevant biomarkers of cardiovascular dysfunction [26] in cirrhosis in order to improve the diagnostic workup and management of this complication. Episodes of transient bacteremia or endotoxemia which are common in cirrhosis entertain a proinflammatory state and Karagiannakis and his group [27] have shown that bacterial translocation correlates with diastolic dysfunction. Endocan seems to be upregulated in response to TNF-α and lipopolysaccharide-binding protein [28] and recent studies shine a light on its role in atherosclerosis and the link between inflammation and endothelial dysfunction. This would suggest that endocan expression is increased in the setting of cirrhotic cardiac dysfunction, but our results have shown significantly lower endocan levels in patients fulfilling the consensus criteria for cirrhotic cardiomyopathy. A possible explanation for our contrary finding is the recent observation that endocan levels are significantly lower in patients with essential hypertension [29] . It is thus plausible that although endocan levels are increased in cirrhotic patients compared to controls, patients with more pronounced cardiovascular dysfunction leading to reduced systemic vascular resistance and lower arterial blood pressure might show lower levels of endocan.
While the hyperdynamic circulation in cirrhosis is well documented, cirrhotic cardiomyopathy is a relatively new entity of uncertain clinical impact and that has to be fully characterized yet. The only diagnostic criteria proposed so far are based on a consensus definition which mainly requires echocardiographic evidence of diastolic and systolic dysfunction and exclusion of other causes of heart disease. These parameters have been criticized for low accuracy in describing cardiac function as newer techniques like tissue-Doppler and strain imaging are increasingly being used by cardiologists to reliably diagnose diastolic and systolic dysfunction. These techniques may be better suited to minimize confounding factors such as the influence of pre-or afterload on heart function but they are also imperfect tools and operator-dependent [30] . In a previous report as well as in this study we have found a good concordance between definitions of cirrhotic cardiomyopathy based on pulsed-wave and tissueDoppler imaging assessment, but elucidation of the best diagnostic algorithm for this entity is eagerly awaited. We decided to adhere to the Montreal definition of cirrhotic cardiomyopathy and have interestingly noticed a significant overlap between groups where NT-proBNP and left atrial volume were concerned. This finding reinforces the need to further test and refine the diagnostic criteria and makes forays into cardiac dysfunction in cirrhotic patients all the more vital.
In their study Toshikuni and his group [11] concluded that endocan might be an independent survival predictor for patients with cirrhosis. Our results also favour a role for endocan as a prognostic marker for worse outcome in cirrhosis. Predicting decompensation and survival is the purpose for widely employed predictive scores such as Child and MELD. Assessing the degree of liver dysfunction is complicated and invariably each score has weaknesses. Decisional bodies have recognized the need to improve the waiting list allocation methodology through the granting of exception points for aspects not included in the scoring criteria and, recently, the UNOS changed their policy to include serum sodium in the MELD score. In this setting of limited access to liver transplantation, introducing novel and accurate biomarkers in riskassessment models is needed to further refine prioritization policies.
We have found that cirrhotic patients have significantly higher endocan levels than controls and this may reflect the severe intrahepatic endothelial dysfunction described in cirrhosis. The results also strongly suggest a link between endocan and severity of cirrhosis as assessed by MELD score or Child class. Furthermore, while they did not have more adverse events patients with higher endocan levels decompensated earlier and had a significantly higher risk of death during the follow-up. Since endocan levels are increased by inflammation and angiogenesis, both of which are progressively and severely altered in cirrhosis, these findings confirm our initial hypothesis and underline the prognostic potential of this new biomarker. Endocan predicted mortality in univariate analysis but the effect was lost when accounting for severity of cirrhosis as assessed by Child class.
This study is the first to investigate the link between endocan and the presence of cardiac dysfunction in cirrhosis. Its follow-up design allowed us to draw valid conclusions regarding the clinical significance of the correlations we have found. However, it also has several flaws. It is a singlecenter study with a limited sample size that made it impossible to assess the relationship between endocan levels and particular complications such as hepatocellular carcinoma and this should be addressed in larger trials. The median follow-up was adequate to identify a strong effect on outcome in a population with a predictibly high rate of events, but it is possible that a longer follow-up could have modified our findings. Also we have only tested endocan and NT-proBNP levels whereas additional markers of cardiovascular dysfunction or inflammation as well as a more comprehensive investigation of haemodynamic parameters would have allowed for a better assessement of our findings. Multicenter studies designed to include echocardiographic examinations at various follow-up visits may further improve our understanding of the role of cirrhotic cardiomyopathy on the outcome of patients with cirrhosis.
In conclusion, in this prospective cohort study we report a promising link between decreased levels of endocan and the presence of cirrhotic cardiomyopathy. Cirrhotic cardiomyopathy was frequent in this study population but was not correlated with adverse outcome on follow-up. Patients with endocan levels above 5 ng/mL decompensated earlier and had shorter transplant-free survival times.
Abbreviations: CCM -cirrhotic cardiomyopathy; NT-pro BNP -aminoterminal pro-brain natriuretic peptide; MELDModel for end-stage liver disease; E/A -age-adjusted early-to-late peak diastolic mitral inflow velocity ratio; IVRT -isovolumetric relaxation time of the left ventricle; DT -deceleration time of the E wave; LAV-Left atrial volume indexed to the bodysurface area; E' -lateral early diastolic mitral annular velocity.
